To clarify the impact of endoscopic incision (EI) for ureterocele as an initial procedure, by performing a retrospective chart review, focusing on the prevalence of and risk factors for symptomatic urinary tract infection (UTI) after EI.
Introduction
The appropriate management of ureterocele remains controversial. Among several surgical approaches, endoscopic incision (EI) is widely accepted as one of the options for minimally invasive management of ureterocele [1] [2] [3] . Although EI can reliably relieve obstruction in the affected moiety [3] , one of the problems associated with this procedure is inherent or de novo VUR, which sometimes requires a secondary procedure to resolve. Because a conservative approach for both primary and secondary persistent asymptomatic VUR has been reported as a management option [4, 5] and because spontaneous resolution of VUR was demonstrated even for de novo VUR after EI in recent reports [1, 6, 7] , we considered a conservative approach to be a management option in cases of asymptomatic persistent VUR after decompression of ureterocele by EI [4] . Accordingly, our strategy for the management of ureterocele is conservative management after EI as an initial procedure, which means that patients are followed with or without continuous antibiotic prophylaxis (CAP) for the management of bladder dysfunction or micturition habit if necessary, even if inherent or de novo VUR is detected. When any urinary symptom is observed during follow-up after EI, additional surgery is considered. Because we have managed patients with ureterocele based on this strategy since 1994, we hypothesized that the critical period and risk factors for urinary symptoms after EI for ureterocele would be clarified by reviewing the clinical course after EI in patients with ureterocele. In the present study, therefore, we evaluated the impact of EI for ureterocele, focusing on the prevalence of and risk factors for symptomatic UTI after EI.
Materials and Methods
After receiving institutional review board approval (reference no. 016-0229), we performed a retrospective chart review of children with ureterocele managed between September 1994 and April 2016. Of these, children who underwent EI at age ≤15 years and who were observed conservatively without additional surgical management after EI were included in the present study. Ureterocele was classified as intravesical or ectopic. The surgical procedure for EI was similar to that reported by Takeuchi et al. [8] .
After EI, patients were followed at the outpatient clinic in our hospital or our affiliated hospital. Indication or timing of postoperative imaging, including voiding cysto-urethrogram (VCUG), ultrasonography or renal scintigraphy, varied according to the physician's preference because of the lack of a standard follow-up protocol after EI for ureterocele in our institute. In addition, the indication for or duration of CAP after EI also differed among physicians.
Febrile or non-febrile UTI was defined as fever (≥38°C) or LUTS, with significant pyuria on urine analysis and/or significant bacteriuria. We defined significant pyuria as >10 white blood cells per high power field and significant bacteriuria as growth of >100 000 colony-forming units/mL of a single pathogenic bacteria. Urine samples for urine analysis and culture were collected by clean catch in toilettrained children and using catheterization or a collecting bag in children not yet toilet-trained. The prevalence of and risk factors for symptomatic UTI, which was defined as febrile UTI or recurrent non-febrile UTI, after EI were evaluated. Asymptomatic pyuria was excluded from symptomatic UTI. Symptomatic UTI-free time was calculated from the date of EI to the date of first symptomatic UTI during follow-up after EI.
Statistical analysis was performed using the Cox proportional hazard model or Kaplan-Meier curves with the log-rank test for evaluation of prevalence of and risk factors for symptomatic UTI. P values <0.05 were taken to indicate statistical significance.
Results
Of the 38 children with ureterocele who were managed during the study period, two were excluded from the present study; in one child open ureterocystoneostomy was indicated just after EI as a result of ectopic opening of the ureteric orifice into the urethra, and the guardian of one child with ectopic ureterocele declined to participate in the study. Accordingly, 36 children were included. Patient characteristics are shown in Table 1 . Based on the surgical findings, intravesical ureterocele and ectopic ureterocele were identified in 15 and 21 children, respectively. VUR was detected in 13 children preoperatively, and 20 had VUR on postoperative VCUG (Fig. 1) . Of the 20 children with VUR postoperatively, eight had dilated VUR (grade ≥3). CAP was indicated in 20 children. Of the 36 children included in the study, data on 31, with a total of 36 ureterocele units, were available for comparison between pre-and postoperative renal ultrasonography. Postoperative ultrasonography showed that 28 children with 33 ureterocele units had improved or no hydronephrosis. Hydronephrosis was unchanged in three children with three ureterocele units (Fig. 2 ).
Initial symptomatic UTI in each child occurred in 11 children <25 months after EI. The characteristics of the children with symptomatic UTI are shown in Table 2 . Each child with symptomatic UTI had one or two symptomatic UTIs after EI up to the time of second surgery or end of follow-up. The symptomatic UTI-free rate after EI was 65.6% (Fig. 3) . The Cox proportional hazard model showed that female gender, a duplex system, ectopic ureterocele, or unchanged hydronephrosis were associated with significantly higher risks of symptomatic UTI (Table 3 ). The symptomatic UTI-free rates after EI were: 43.2% in girls and 92.9% in boys (Fig. 4A) ; 52.3% in children with a duplex system and 90.0% in children with a single system (Fig. 4B) ; 52.4% in children with ectopic ureterocele and 83.9% in children with intravesical ureterocele (Fig. 4C) ; and 0% in children with unchanged hydronephrosis and 75.6% in children with improved or no hydronephrosis on postoperative ultrasonography (Fig. 4D ).
Among 11 children with symptomatic UTI during follow-up, no additional surgery was indicated in four. In two children with intravesical ureterocele this was because of the benign nature of the intravesical ureterocele, although one had VUR on the ureterocele and into the mate ureter. Recurrence of symptomatic UTI was not observed in these children. In two children with ectopic ureterocele, no additional surgery was required because there was no VUR and there was improved/ no hydronephrosis on postoperative evaluation. Although one of these two children had recurrence of symptomatic UTI thereafter, management of overactive bladder resulted in no further recurrence. In the remaining seven children with ectopic ureterocele, EI for minor remnant of ureterocele alone, hemi-nephrectomy, ureterocystoneostomy and ureteroureterostomy after endoscopic evaluation was performed in one, two, one and three children, respectively.
Discussion
In the present study, we found that the symptomatic UTI-free rate after EI was 65.6% and that risk factors for symptomatic UTI were: female gender; a duplex system; ectopic ureterocele; and no improvement of hydronephrosis. In all children with symptomatic UTI, this occurred <25 months after EI.
In previous reports, EI was reported as an excellent procedure for decompression of ureterocele and relief of obstruction. Decompression rates of hydronephrosis on ureterocele units after EI range from 78% to 97% [2, 6, 9] . In the present series, hydronephrosis disappeared or improved in 32 of 35 ureterocele units (91%). In three children with no improvement of hydronephrosis, symptomatic UTI occurred during conservative management after EI and additional surgery was indicated. EI can be the definitive management of ureterocele when hydronephrosis is successfully decompressed without VUR. Several authors have reported good clinical outcomes with EI as an initial procedure in cases with single-system ureterocele and intravesical ureterocele [1, 2] , or even with duplex-system and ectopic ureterocele with improvement of surgical technique [1, 6, [9] [10] [11] . Accordingly, as EI is a simple, minimally invasive procedure and can be indicated even in a small infant, it would seem to be an appropriate option as an initial procedure for ureterocele.
Because of the wide range of occurrence rates of secondary VUR after EI (22-100%) reported [1, 2, 12, 13] , VUR after EI is one of the main concerns when considering conservative management after EI. Husmann et al. [13] reported that the risk of additional surgery was significantly higher in cases with VUR, and several subsequent reports showed that additional surgery was indicated because of inherent or de novo VUR that persisted after EI [1, 2, 7] ; however, spontaneous resolution of VUR has been reported even in de novo VUR after EI during conservative management [1, 6, 7] . In addition, asymptomatic persistent VUR can be followed non-operatively after decompression of ureterocele [1, 14, 15] . Similarly to the present study, additional surgery after EI was required in the limited number of cases when conservative management for VUR was indicated in other studies [1, 7, 16] . Based on these findings, the aggressive management of VUR after EI is questionable [4, 17] . As conservative management for persistent primary VUR is one of the accepted options [5, 18] , additional surgery need not be indicated for asymptomatic VUR alone after EI.
In the present study, we showed that symptomatic UTI occurred <25 months after EI. No previous reports have identified the critical period for symptomatic UTI after EI. One possible explanation for the occurrence of symptomatic UTI during this period is bladder dysfunction, possibly caused by BOO attributable to the ureterocele [19] similar to other congenital diseases with BOO such as posterior urethral valve. As urodynamic findings after decompression of ureterocele as well as posterior urethral valve ablation have been reported to change with time [19, 20] , the risk of symptomatic UTI may decrease with time after EI. In addition, the median age at symptomatic UTI was 29.6 months in the present study. Because the process of toilet training may lead to a higher risk of symptomatic UTI after EI [21] , the critical period for symptomatic UTI might be related to timing of toilet training, when surgery is performed during the patient's infancy. Identification of the critical period for symptomatic UTI is crucial for conservative management of ureterocele after EI. Although long-term follow-up to assess bladder function, hypertension and renal function is necessary, in cases with ectopic ureterocele or dysplastic kidney, in particular, careful follow-up for symptomatic UTI is also recommended for~2 years after EI.
Several studies have shown that CAP reduces the incidence of UTI in patients with primary VUR [22, 23] ; however, there is no convincing evidence that CAP can reduce the incidence of UTI in cases of ureterocele after EI [24] . Further studies are necessary to clarify the effectiveness of CAP in this situation, but it might be beneficial during the critical period for symptomatic UTI identified in the present study.
The present study showed that female gender, duplex-system ureterocele, ectopic ureterocele, and no improvement of hydronephrosis were risk factors for symptomatic UTI. In most of the previous reports, the primary outcome was the need for a secondary procedure, rather than symptomatic UTI as indicated in the present study. Accordingly, risk factor findings may be influenced by this difference. Ectopic ureterocele and duplex-system ureterocele were shown to be risk factors in many previous studies [1, 2, 16, 25, 26] , which is consistent with the present data. While VUR after EI was reported to be an indication for a secondary procedure in some studies, recent reports emphasized that patients with VUR after EI can be followed non-surgically, as described above [1, 14, 16] . Our observation that VUR after EI was not a risk factor for symptomatic UTI supports such a conservative approach. Female gender was a risk factor for symptomatic UTI in the present study and has not been documented in previous reports. The exact reason for this is unclear, but female gender has been reported as a risk factor for febrile UTI in several congenital urological conditions when conservatively managed [27, 28] . Anatomical factors may have some impact on UTI during conservative follow-up. Symptomatic UTI occurred <25 (0.5-24.9) months after EI. The symptomatic UTI-free rate at 25 months after EI was 65.6%. The present study has several limitations. First, the number of patients was limited. Second, the study was retrospective in nature, and not all imaging studies of interest, such as ultrasonography or VCUG, were available both pre-and postoperatively for every child. In addition, the indication for or duration of CAP was variable, which may have introduced bias.
In conclusion, the present study showed that symptomatic UTI occurred <25 months after EI. Risk factors for symptomatic UTI after EI were female gender, a duplex-system ureterocele, ectopic ureterocele or no improvement of hydronephrosis; therefore, when conservative management is indicated after EI in patients, careful follow-up is necessary for 25 months after EI, especially for those with risk factors for symptomatic UTI.
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